Walnuts, Juglans airanthifolia, are an important food item for Japanese squirrels, Sciurus lis, which hoard them for later use. We set up feeders in small walnut patches in secondary forest, mounted radiotransmitters on nuts, placed them on the feeders and tracked them when they were cached. Of 720 nuts placed on the feeders over a 3-year period, 32.6% were eaten immediately and 50.6% were scatter-hoarded 0-168 m from the feeders. With increasing distance to the cache site, the squirrels took longer to return to the feeders (range 0.35-35 min). However, the further away a cache was, the less likely it was to be stolen by conspecifics or other nut-eating animals: nuts we hoarded ourselves disappeared more quickly from near the source trees. Squirrels took nuts further away later in the season when caches were lost at a higher rate. Using a simple model maximizing the rate of energy gain per unit time taken to search for and hoard the nuts at different distances from the source, we discuss whether squirrels alter the transport distance of hoarding nuts according to cache survival rate and/or nut availability.
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Many animals hoard food for later use. Their caches are distributed in a variety of ways, ranging from highly clumped to highly dispersed. The extremes of this spectrum of cache-dispersion patterns have been termed larder hoarding and scatter hoarding (reviewed by Vander Wall 1990). Tree squirrels are typical scatter-hoarders: e.g. red squirrel, Sciurus vulgaris (Hayashida 1988; Rice-Oxley 1993; Wauters & Cascale 1996) ; grey squirrel, S. carolinensis (Kraus 1983; Nixon et al. 1968; Thompson & Thompson 1980) ; fox squirrel, S. niger (Cahalane 1942; Nixon et al. 1968; Stapanian & Smith 1978 , 1984 .
The Japanese squirrel, S. lis (250-310 g body weight; Abe et al. 1994), hoards walnuts, Juglans airanthifolia, at different sites on the ground. Walnut trees, which are distributed patchily in woods, bear large nuts (2.5-3.5 cm in diameter) from summer to autumn (Ohwi 1972) . These nuts are the main food item of this squirrel, accounting for 35.1% of 699 feeding observations throughout the year (Kato 1985) . Kato (1985) reported that squirrels carried nuts 0.2-30 m to caches. In a tracking study of radiotagged nuts, they were hoarded at distances of 1-62 m (Tamura & Shibasaki 1996) . Stapanian & Smith (1978) were the first to develop a model for scatter hoarding that predicts the optimal dispersion of hidden food based on the costs and benefits of spacing caches. In their model, the benefit of caching food is a product of the energy content of the food (e) and the probability of its survival (P). The probability that caches will remain intact increases with increasing intercache distance because this reduces the profitability to other animals of specializing in cache pilfering. The energy cost (E c ) is proportional to the mean distance a food is carried, being higher at large intercache distances. The intercache distance that results in a maximum difference between benefit and cost (eP-E c ) is the optimal cache spacing. Clarkson et al. (1986) proposed a general model for optimal dispersion of caches and Stapanian & Smith's (1978) model appears to be a specialized case of their model, where the period of storage is long and the density-dependent cache loss is very high (Vander Wall 1990) . These two models lead to the common prediction that caching should begin near the source, with subsequent caching occurring at increasing distances from the source while maintaining the optimal intercache distance.
Seed-eating animals, however, are expected to concentrate their searching for food near the source tree rather than search the whole area randomly, especially when
